Surface charge of mixtures of lepidocrocite and i\lite determined by adsorpti on of pote nti a l-d eterminin g and electrolyte io ns is studied as a functi on of p H and NaCI concentration. Deviations between results oblained by both methods were a fu ncti on of the ill il e content of th e mi xtures, a nd ca n be ma inl y attributed lO coatings of hydroxya lum inium compl exes on the co nsta nt cha rge surfaces of the cla y min eral , which can reacl wit h H + ion s or re lease excha nge siles by precipilatio n of well-formed hydro xides. These coatings of aluminium co mplexes ca n cause H + consum ptions similar to those du e to lepidocrocite.
IN TROD UCT IO N
According lo th eir behaviour in the solid/ solution inte rphase, ions in solu tion ca n be c1ass ified in to lhree groups. (a) lons which show hig h aflinity for the su rface, being indistinguishable from those present in lhe so lid. When these ions are adsorbed they beco me part orlhe surface, praviding it wi th a net c harge. For sca rcely solu ble oxides and hydrox ides, H + and OH -be long 10 thi s group , a nd th e surface eleclric pOlential ('ouler' or 'Volta' potentiaI) is detennined by their soluti on conce nt rat ions: they are pOlel1lial-derermining ious, p.d.i, (b) A second gro up or ions wi th high afli nity ror th e surrace , and like the p.d.i, they a re adsorbed on layers close lo the surface inA uenci ng its electric charge and pOlcnlial . They are specijically adsorbed i OIIS, s.a.i .. and a feature which disli ngui shes lhem from the p.d.i. is th al prior to adsorplion lhe former a re nol an integra l part oft he solid phase DI' lhe solvent. (e) lons wilh low (or negli gib le) affinilY for the surface, whi ch do nol approac h the su rface nearer than the outer Helmholtz planc or the diffu se layer. They are attracled lO the su rface by electrostatic fo rces, com pensa ting its nel charge; these are indiflerenr iOl1s. ¡j. In some models for ion adsorp1i on, the amnity of eaeh ion for lhe surfacc is represe nlcd by a binding constant. It ha s been shown (Bowden el al. , 1977 ; Barrow' el al., 1980; Madrid el al., 1983) that results are best accou nted ror ir ions such as Na + and CI-are supposed lO be nol full y indilfere nt, so that the y ha ve sma ll but non-zera binding co nstants, about eig ht orders o f magnitude lo we r than those for H + or OH ions.
It is a we ll-know n facl lha l a n important proponion ofth e surfaee clectric c harge o f ma ny minerals does n01 depend on lhe Soluli on composition, but is ca used by iso morphi c substitution s wilhin their c rysta l slructures, so lhat jt has a definite constant va lue. This charge is know n as 'stru ctura l', 'eonslant' or 'perm anent' charge, to di stinguis h il from 1hat due to ion adsorption, whic h is known as 'variable' or 'pH -dependent ' charge.
In a previo us paper (Madrid el al. , 1983) , lh e surface charge of a series o f sy nthetic and natural materials was meas ured by adso rpt ion of potential-determining and inditfcrenl ions. Those materials which were beli eved lO have charge on ly due lo adsorption of p.d.i. gave si mil a r resulls by bot h methods. In co ntrast, material s whi ch wcre known lO contain consta nt charge minerals showed important dilfe rences oelween the cha rge mcasured by adso rption of p.d.i. and of i.i. , and such differences co uld be ex.pla ined by lh e presence of permanent charge.
As a consequence orlhe concl usio ns or Madrid el al. (1983) and rollowing lhe idea suggesled by Pa rker el al. (1979) , lhe presenl paper shows measuremenlS by bOlh melhods orlhe surrace c harge of mix tures of a synthcti c iron oxide and an illite from Montana. The charge of lhe rormer is expecled lo be essenli ally pH-dependenl, and lhal or lhe laner should be predominantly of structural origino
MATERIALS A D METHODS
The iron oxide was a sample of lepidocrocitc (L P) si mil ar lo that describcd in a previous paper (Mad rid el al., 1983) , and lhe illile (IL) was a sample rrom Silver Hill . Monlana, provided by lhe elay Minerals Sociely's Source elays Reposilory (sa mpl e IMI-I). The illile was ground lo pass through a 0.08 mm s ieve. No grinding was necessa ry for lhe iron oxide. as its part ic1e size was sma ll er lhan 0 .08 mm. The SET specifi c surrace area or LP was 11 6 m' g-" and lhal of IL ('externa I , surface) was 29 01 2 g -I , T hese va lues are given o nl y for il1uslrat ive purpose~, as it is known that surface arcas accessible to ion ad sorption can be much ¡arger than those measured by N, adsorplion particu larly in lhe case or laye r silicales. The eEe or IL delermined by neulml I M N H, OAc was 0.22 meq g-" so lh al lh e sample wou ld be mo re appropri ate ly considcred as hydrous mica. Five mixtures containing different proponions of both minerals were used in lhe SI ud y: A, pure LP; S, 90% LP, 10% IL; e, 50% LP, 50% IL; D, 10% LP, 90% IL; and E, pure IL. •
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:::'c: Adso rbed Na' was delcrmined by Ha me pholomelry, a nd adsorbed CI -was measured spectro photomelrica ll y by th e mercu ry thiocya nale melhod desc ri bed by Florence & Farrar (197 1 ).
RESUL TS AND D ISCUSSION
Figs I and 2 show the variation of positive. negative and "Cl chaTges with pH, measured in 0.0 I and 0.1 M NaC!, respeelively. Fig. 3 shows lhe pH-dependenee oflhe nel eharge measured by adsorplion ofp.d. ions. In Figs 3(0-<:) lhe nel eharge is eonsidered lo be zero allhe erossover poiot betwcen curves ohtaincd al different ¡anie strengths, and values of ordinales are calcu. laled relalive 10 lhal poin!. In Fig. 3(d) lhe erossover poinl is poorly der.ned, so lhal lhe zero chaTge was taken as corresponding lo the poiot of minimum slope. Fíg. 3(e) did nol give a single crosSQvcr POiOl, so 1ha1 lhe nel charge could n01 be ca)cu lated. and ordinales represent absolute va lues of adsorption of H+ or OH -after correcting for lhe H+ or OH -consumed by lhe eorresponding blank lilralions.
As can be secn in Figs 1 and 2 , lhe positive charge measured by CI -adsorption seems lO be due mai nl y to lhe ¡ron ox ide, since its va lues (Figs la and 2a) decrcase as lh e proportion of LP decreascs rc lati ve to pu re I L, which possesses almost no positi vc charge lh ro ughout lh e I whole pH range slud ied. Negal ive eha rge measured by Na t adso rplion (Figs l b and 2b) increases as lhe proportion of IL inc reases, and simu ltancous ly its pH-dcpcndence becomes less marked , panicularly for mixtures D and E aboye pH 6. This result is in contrast with lhal ofGreenland (1975) for kaolinile, who found a eonslanl negalive eharge up lo pH 6 and then an ¡ncrease betwecn pH 6 and 9.
Comparing curves for E in Figs I (b) and 2(b), il can be seen lhallhe negalive eha rge inereases as lhe ¡onic slrength increases. A similar conclusion was a1so reached when mixlures B, e and D were sl udied, afier removing lhe eonlribulion ofLP 10 lhe 10lal c harge, vide ¡n[ra (Table   2 ).
The facl that lhe charge of IL is concentration-depcndent suggests that sodium ions make
lhe IL layers expand, and sorne of the potassiurn in interna l siles becornes accessible lo exchange. In order lo check lh is assumption 0.5 g samples of IL were extracted severaltimes with 25 mi ponions of NaCJ solutions al a given concentration and pH , and potassium was determined in lhe extracts. The experiments were carried oul al lhree ionic strengths (0.0 1, 0.1 and I M) and I\VO pH values (4 and 7). Res uhs are shown in Table 1 
: 3 Figs 3 (a--c) suggests that the surfaces ofmixtures B and e rcael with p. (1978 , 1979) a lso suggested the existenee of strongly held aluminium bloeking exehange sites on clay mineral surfaces.
Similarity betwecn
It is interesting lo point oul that ord in ales in Figs 3(a-c) Table 2 were obtained.
Jt can be sec n that all resu lts a re very sim ilar al a given ¡aoie strength, so that the difference between the mean values for 0.0 l and 0. 1 M NaCl is highly signifieant.
ft should be noted that the resufts suggest that many empirieal methods of CEC determination based 00 equilibration ofsoi ls or clay minerals with concenlrated Solulions ofa given cal ion (NHt; 8a+ \ etc.) are likely lo Qver estímate the CEe. Mast reaclions in which the CEe is a relevant factor take place in di JuLe syslems, and even mode l substances like lhe clay mineral used by Lhe authors may have variable charge components which create a salt concentration dependent CEe.
MODELLlNG CHARGE PROPERTlES OF MIXED SYSTEMS
A figorDUS mathematical lreatment of material s with both permanent and pH-dependenl eharge is diflieult. Uehara & Gillman (1980) deseribed a sim ple model for this type ofmaterial based on Nernst and Gouy-Chapman equations, but ils applicability is se riously limited by t\Vo assumptions which are only justified when the proportion of pcrmanent charge is very low. These are (a) when Uehara & GiUman (1980) suppose that the va riabl e eharge is given by the Gouy-Chapman equation for the diffuse layer they forget that the diffuse eharge must compensate for bolh permanent and variable charges, otherwisc the principIe of e[eclrica[ neutrality wou ld not hold; and (b) when these authors identify the surfaee eleetrie polentia l with that given by Nernst equation (applied to the p.d.i.) they negl eet the influenee that the perma nenl charge would have on suc h surface potential.
The Stern mode l in th e form used by Bowden el a/. (1977) can be adapted to mixed materials such as those used here, bul sorne modifications should be considered:
(a) The adsorption of p.d.i. is supposed to occur on two kinds of sites, on lhe oxide and on the elay mineral. The Stem-type equation given by Bowden el al. (1977) should therefore contain lhe sum of two similar terms, one for the adsorption on each surface. To minimize lhe mathematical complexity of the mode l, the surface potential can be supposed to have a unique "average' value, even though it is likely that th ere exist local variations orthe surface potenlial accordi ng lo the type of surface.
(b) The equation expressing lhe electrical neulrality ofthe system should contain a constant term representing the permanent charge of lhe clay mineral.
(e) Oue to lhe large number of parameters lo be estimated by ¡teralion, sorne simplifications can be introduced, e.g. binding conslants of p.d.i. H + and OH -for lhe iron oxide surfaces ean be supposed lo have fixed va lues, similar lo those given elsewhere (Madrid el al., 1983; Bowden el al., 1977; Ba rrow el al., 1980) .
